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Abstract 
We study the response of real wages to the business cycle in eight major Eurozone countries before 
and during the Great Recession. Average real wages are found to be acyclical, but this reflects, in large 
part, the effect of changes in the composition of the labour force related to unemployment variations 
over the cycle. Using longitudinal micro data from the ECHP and SILC panels to control for 
composition effects, we estimate the elasticities of real wage growth to unemployment increases 
between −0.6 and −1 over the period 1994-2011. Composition effects have been particularly large 
since 2008, and they explain most of the stagnation or increase in the average wage observed in some 
countries from 2008 to 2011. In contrast, at a constant labour force composition in terms of education 
and experience, the figures indicate a significant decrease in average wages during the downturn, 
particularly in countries most affected by the crisis. Overall, there is no evidence of downward 
nominal wage rigidity during the Great recession in most countries in our sample. 
JEL Codes: J30, E32 
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Introduction 
In the first years of the Great Recession in the Eurozone, aggregate real wages did not react 
significantly to the downturn, particularly in countries most affected by the crisis. These developments 
raised serious concerns about the long-term viability of the Eurozone. Wage flexibility is viewed as 
crucial in a currency union where internal migrations until now have been too low to ensure a 
significant macroeconomic adjustment (Anderton et al., 2012; Krugman, 2013). A combination of 
fixed exchange rates, low inflation and downward nominal wage rigidity creates real rigidities 
(Schmitt-Grohé and Uribe, 2013). As the labour market does not clear, involuntary unemployment 
increases following patterns originally described by Keynes (1925) or Friedman (1953). According to 
this narrative, downward nominal wage rigidity might thus be partly responsible of the current 
unemployment crisis in the periphery of the Eurozone. 
However, most of the evidence that wages were relatively rigid during the Great Recession 
relies on aggregate data from national accounts. These figures are the only comparable cross-country 
data that are rapidly available, but they are not without limitations. An important shortcoming is the 
difficulty in interpreting their evolution, particularly during exceptional crisis periods, if the 
composition of the labour force changes significantly over the cycle. 
Cyclical changes in the composition of the labour force reflect the fact that, empirically, 
unemployment disproportionately concerns low-wage workers.
1
 When unemployment increases, the 
labour force becomes older and more skilled. This affects the average wage in a counter-cyclical way; 
the average increases mechanically because the share of low-wage workers in the population 
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 See Chirinko (1980), who shows that low-wage workers are more affected by unemployment than high-wage 
workers during recessions. 
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diminishes. When these composition effects are large, they may mask the response of wages to the 
cycle in the aggregate series. 
Many studies have shown that compositional biases are quantitatively important in aggregate 
data since Bils (1985) and Solon, Barsky and Parker (1994). This issue is also discussed in standard 
macroeconomic textbooks (Romer, 2006 p. 264) as understanding whether wages are rigid is quite 
important to discriminate between theoretical models of macroeconomic fluctuations (Swanson, 
2004).
 2
 
Surprisingly, composition effects during the Great Recession in continental Europe have 
received relatively little attention despite the fact that unemployment changes have been particularly 
dramatic.
3
 From 2007 to 2012, unemployment increased by 16 p.p. in Spain, 7.8 p.p. in Portugal, and 
4.6 p.p. in Italy. Unemployment has affected unskilled and young workers in a particularly severe 
way, and as a result, the characteristics of employees changed dramatically. In Spain, the share of less 
educated workers among employees decreased by 8 p.p. from 44% to 36% between 2007 and 2012, 
while the share of university graduate workers increased symmetrically by 8 p.p.
4
 Because of these 
large changes, it is unclear how much the evolution of aggregate wages during the Great Recession in 
these countries reflects a change in the price of labour or in the composition of the labour force. 
More generally, whether wages are relatively more rigid in Europe than in other countries 
remains an open question. While some important and recent works using micro data to estimate the 
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 While modern approaches are less clear-cut, the real business cycle models initially proposed by Kydland and 
Prescott (1982) posit that economic fluctuations reflect exogenous shocks to the economy’s technology. These 
models are consistent with a procyclical relationship between real wages and employment, as wages adjust to 
shocks. In contrast, for classical or traditional Keynesian models, wage stickiness explains the cyclical volatility 
of employment. 
3
 A recent exception is provided by Blundell, Crawford and Jin (2014) on the UK. Because unemployment in the 
UK did not increase as much as in continental Europe, they find little difference between aggregate wage series 
and series adjusting for composition effects. 
4
 Figures from aggregate LFS data obtained from Eurostat website. 
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cyclicality of wages are now available for several major European countries
5
, comparisons are 
difficult, as the construction of the sample, data source and period vary in potentially significant ways 
across studies. Most of these studies were also conducted before the recent crisis, and the importance 
of wage rigidity in the recent period remains an open question. 
In this paper, we use harmonised panel micro data from the period 1994-2011, covering eight 
major countries of the Eurozone, to examine the relationship between real wages and the business 
cycle before and after the Great Recession. As in previous work, we find that aggregate real wage 
series are not cyclical. However, when we account for changes in the composition of workers using 
individual data, we find that this acyclicality reflects the consequences of compositional changes in the 
labour force. We obtain statistically significant elasticities of real wage growth to unemployment 
changes of between −0.6 and −1.6 These values are quite close to those reported in the existing 
literature for the US but are nevertheless lower than those for the UK in recent studies. 
However, panel data is not always available, and even when they are, they might not be 
rapidly released which prevent the analysis of recent periods. To test the importance of relying on 
panel data, we assess whether using cross-sectional data, which is more easily available, affects the 
estimates in our sample. Instead of using individual fixed effects to account for composition effects, 
we use flexible controls for education and potential experience through the interaction between eight 
cells of potential experience and three levels of education. While far from perfect, we find that such 
method is able to account for a large share of the composition biases. The estimated coefficient is 
found to be negative and is measured relatively precisely, but it is slightly smaller, close to −0.42. 
                                                     
 
 
5
 See Anger (2011) for Germany, Peng and Siebert (2008) for Italy, Verdugo (2013) for France and Carneiro, 
Guimarães and Portugal (2012) for Portugal. For non-European countries, see also Shin (2012) for Korea, 
Devereux (2000) for the US and Devereux and Hart (2006) for the UK. 
6
 In practice, as we regress changes in log wages on changes in the unemployment rate in percentage point (and 
not in log), we estimate “semi-elasticities”. We use the term “elasticity” in preference to the “semi-elasticity” for 
simplicity and brevity. 
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During the Great Recession, we find that the apparent rigidity of average real wages in the 
aggregate data has been substantially exaggerated by composition biases. Most of the increase or 
stagnation in real wages in aggregate series can be explained by composition effects, particularly in 
countries most affected by the downturn. When we control for composition, we observe that real 
wages responded significantly to the downturn. 
Some evidence suggests that the adjustment is heterogeneous over the distribution of wages. 
We find a much higher elasticity of wage growth for workers in the first decile than in the rest of the 
distribution. Consistent with the existing literature, the elasticity of job changers is found to be double 
that of job stayers. On the other hand, there is little evidence that wages adjust additionally to region-
specific unemployment shocks. This implies that within countries, most of the adjustments to a 
negative regional labour demand shock will depend on internal labour mobility. 
In the second part of the paper, we examine in detail the distribution of individual wage 
changes in order to study the interplay between inflation and wage adjustments. A particularly 
interesting aspect of our dataset is that half of the countries in the sample (France, Finland, the 
Netherlands and Italy) collected wage data from administrative records during the Great Recession. 
Overall, we find little evidence of downward nominal wage rigidity in the strict sense both 
before and during the Great Recession. Between 20% and 40% of full-time employees remaining in 
the same job experienced negative nominal wage changes over two years, and this proportion 
increased substantially with the recent downturn. There is also no indication of larger peaks at zero in 
the distribution of wage changes during the Great Recession. Consistent with the results of Kurmann 
et al. (2014) and Guvenen et al. (2014) for the US, the distribution of annual wage changes for job 
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stayers became more symmetric during the Great Recession, reflecting an increase in the proportion of 
negative wage changes in the distribution. 
Even if nominal wage cuts were quite common, the evidence indicates that low inflation in 
2009 might have delayed the adjustment in real terms. While negative nominal changes were less 
frequent in 2010 and 2011, the share of negative real wage changes increased substantially relative to 
2009 as the level of inflation increased. A comparison with the UK also highlights the influence of 
inflation: according to figures obtained by Elsby et al. (forthcoming)
7
, nominal wage decreases were 
much less frequent in the UK than in most of the continental countries in our sample, such as France. 
However, as it experienced much higher inflation levels, negative real wage changes were 
substantially larger in the UK. 
These results notwithstanding, an important limitation is worth highlighting. Although we use 
harmonised panel data, the information on income after 2002 is not very homogenous in our sample, 
as some countries collected income data from administrative records and others, such as Portugal, 
relied on household surveys. In addition, we cannot isolate the base wage from the total wage in our 
sample. These factors complicate the interpretation of cross-country results and comparisons with 
some recent studies. In particular, using administrative data for Portugal, Carneiro et al. (2014) find 
substantial peaks at zero on the distribution of annual changes in the base wage for a non-negligible 
share of the workforce in recent years. Using the total wage, we do not observe such patterns for this 
country and others in our data. These differences suggest that the variable pay margins might have 
played a primary role in the wage adjustment we document. We also cannot rule out significant 
heterogeneities between Portugal and other countries in the wage response that our data did not fully 
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 We thank Michael Elsby for kindly sending detailed figures on the share of negative real wage change in the 
UK. 
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capture. Clearly, this issue deserves further investigation when an even more homogenous dataset will 
be available. 
This paper proceeds as follows. In the first section, we briefly discuss the existing literature on 
the cyclicality of wages before and during the Great Recession. In the second section, we describe our 
data sources and provide some descriptive statistics. In section three, we present the econometric 
model to evaluate the cyclicality of real wages and provide estimates using individual level data from 
eight Eurozone countries. In section four, we focus on the Great Recession to investigate the evidence 
for nominal wage rigidity. The last section concludes. 
 Existing Evidence on the Cyclicality of Real Wages before and I.
during the Great Recession 
A large body of literature has looked at the relationship between wages and the business cycle. Using 
mostly aggregate time series, the first strand of the literature found only modest cyclicality. In 
contrast, recent work using micro data highlighted that the adjustment of wages is masked by 
composition effects in aggregate data and found a much larger elasticity of real wages. As summarised 
by Martins, Solon and Thomas (2012), a consistent result of this literature is that the cyclical elasticity 
of real wages is comparable to that of employment.
8
 
During the Great Recession, the apparent downward rigidity in nominal wages has been 
widely debated. In an influential paper on the Eurozone crisis, Schmitt-Grohé and Uribe (2013) 
emphasised that available aggregate real wage data indicated little decline since the beginning of the 
Crisis. As the theory suggests that a decline in real wages is the most efficient response to a negative 
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 Recent work using matched employer and employee data also finds a substantial cyclicality of entry wages in 
jobs in specific firms (Martin et al., 2012) and when controlling for firm heterogeneity (Carneiro et al., 2012). 
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external shock, such rigidity might explain a large share of the increase in unemployment in some 
countries according to these authors. 
Recent research based on individual level data has exhibited conflicting views on the 
importance of downward nominal rigidities in explaining unemployment increases during that period. 
For the US, Elsby, Shin and Solon (forthcoming) found little evidence that downward rigidity can 
explain the decline in hiring and the long duration of unemployment during the Great Recession. In 
contrast, using regional price levels and wages, Beraja, Hurst and Ospina (2014) conclude that 
nominal wage rigidities played an important role.
9
 
For Europe, much less evidence is available except for Germany and the UK, which both 
experienced relatively moderate employment loss, and for Portugal. For the UK, Gregg, Machin and 
Fernandez-Salgàndo (2014) noted an increased sensitivity of real wages to local unemployment during 
the Great Recession, which represents a distinct break from the past.
10
 In contrast, in Portugal, 
Carneiro et al. (2014) report substantial evidence of downward nominal rigidities of the base wage in 
administrative data. 
 Data and Descriptive Statistics II.
We combine two large, nationally representative longitudinal sets of micro data covering the same 
countries but different time periods. We focus on eight large Eurozone countries available in both 
                                                     
 
 
9
 Using simulations from a DSGE model, Daly and Hobijn (2014) also conclude that downward nominal wage 
rigidities can explain the dynamics of wage and unemployment during the Great Recession. 
10
 For Germany, Burda and Hunt (2011) argue that the behaviour of the German labour market during the crisis 
can be explained in part by the ability of employers to reduce working time relatively flexibly. 
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samples: Austria (AT), Belgium (BE), Spain (ES), Finland (FI), France (FR), Italy (IT), the 
Netherlands (NL), and Portugal (PT).
11
 
The first dataset is the European Community Household Panel (ECHP), where information on 
real wages is available from 1994 to 2001.
12
 The ECHP is a harmonised cross-national longitudinal 
survey on household income and living conditions. We use information on gross current monthly 
wage and salary earnings from the main job to estimate wages. We construct an hourly wage rate 
using the reported number of hours worked at the main job. We define full-time workers as those who 
declare having a full-time job. Data are available over the period 1994-2001 for all countries, with the 
exception of Austria and Finland, for which the data are available during the period 1995-2002 and 
1996-2001, respectively. A typical year contains approximately 25,000 individual observations. 
Our second source is the European Union Statistics on Income and Living Conditions (SILC) 
longitudinal panel data collected from 2004 to 2012, which contain retrospective information on 
annual income over the period from 2003 to 2011.
13
 The SILC panel is the follow-up survey of the 
ECHP, but its construction is different.
14
 First, in contrast to the ECHP, it uses a rotating panel where 
an individual is surveyed, at most, four times.
15
 Second, no information on current monthly wages is 
reported, but the data contain annual “gross employee cash or near cash income” in the year prior to 
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 Ideally, we would have liked to include Germany in the sample. However, there are no income data for 
Germany after 2003 in our sample. 
12
 The ECHP panel has been used in many recent influential studies on wages: see, e.g., Olivetti and 
Petrongolo (2008), Dickens et al. (2007) and Bellou and Kaymac (2012). 
13
 The data in SILC are periodically revised and various errors are corrected in each release. To allow for 
replication of the results in this paper, the appendix indicates the version of the data for each year. 
14
 Unlike the ECHP, the SILC panel is not based on a harmonised questionnaire but is constructed using a set of 
‘target variables’ specified by EU regulations. Countries can choose relatively independently how to collect each 
variable. This implies that the SILC is potentially less homogenous than the ECHP. On the other hand, such 
decentralised approach allows the data to be collected and released more rapidly. See the Data Appendix for 
additional details on the construction of the data. 
15
 An exception is France, where an individual can be interrogated up to nine times. 
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the survey and retrospective information for each month on whether an individual was working full or 
part time.
16
 A year contains approximately 80,000 observations. 
Income data are collected differently across countries in the SILC. A first group collects 
information through a survey using household declarations. A second group, which includes Finland, 
the Netherlands, and Italy, as well as France after 2007, collects income data from administrative 
records.
17
 The use of administrative data for these countries is a clear advantage of the SILC. 
Administrative data are considered much more accurate as many reported changes in wages in survey 
data reflect measurement error (Gottschak, 2005).  
Overall, our final sample combines data from the ECHP over the period 1994-2001 and the 
SILC over the period 2003-2011. We have an unbalanced panel of countries as the coverage of some 
countries varies slightly over time.
18
 We focus on workers between ages 18 and 60 who are not self-
employed. We exclude workers who are working in the private sector in the ECHP but cannot exclude 
them from the SILC as this information is not available.
19
  We only retain observations with valid 
information on wages, and we exclude imputed observations.
 
Following Elsby et al. (forthcoming), to 
eliminate the influence of outliers, we trim the top and bottom 1% of wage observations within each 
country and year. To avoid panel error, we verify that we have a true match by requiring that gender 
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 For Italy and Portugal, only net income is available in 2004, 2005 and 2006. For France, gross income is not 
available in 2004. For these countries, we use net income that is available during the entire period. The results 
are unchanged if we use instead gross income during the restricted period of time in which it is available. 
Finally, as there is a break in the collection method of the data in Portugal in 2008-2009, we exclude wage 
changes from this period from the sample. 
17
 In practice, Italy uses a so-called “multiple data collection strategy”, where administrative data are using 
matched survey data for the whole sample. See Consolini and Donatiello (2013). For other countries, 
information on the income collection procedure is documented in Jäntti et al. (2013). In particular, see Burricand 
(2013) for France. 
18
 See the Data Appendix which summarizes the coverage of each country.   
19
 We find that estimates obtained separately on the ECHP panel are quite similar when public sector workers are 
included in the sample. This suggests that the inclusion of public sector workers in the SILC panel might not 
affect too much the estimates. 
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and age match across years for each individual. Finally, we compute real wages using the national 
HICP index obtained from the OECD website. In all our calculations, we use sampling weights to 
preserve the representativeness of the sample at each period.
20
 
A limitation of both the SILC and the ECHP data is that they only report information on total 
labour income. In particular, we cannot isolate base wages from the bonuses, tips, commissions or 
bonuses for overtime work. This is an important shortcoming as we cannot distinguish the relative 
importance of each factor. Swanson (2007) found that the flexible part of wages play a substantial role 
in real wage procyclicality in the US, while recent evidence from Carneiro et al. (2014) documents a 
substantial rigidity of the base wage in Portugal. 
Trends in Wages, Unemployment and Prices 
Figure 1 documents the evolution of aggregate macroeconomic indicators during our sample period. 
Panel A indicates large differences in the growth rate across countries, particularly during the 1990s. 
Finland and, to a lesser extent, Spain and Portugal experienced much larger economic growth than 
other countries until the Great Recession. Panel B illustrates the large variations in unemployment that 
occurred during the period. In particular, unemployment decreased spectacularly in Spain until the 
Great Recession. An important point is the remarkable heterogeneity of changes in unemployment 
across Eurozone countries during 2008-2010. Unemployment increases were particularly large in 
Spain and Portugal and were more moderate in countries such as France and Italy. 
Although the time dimension is somewhat limited, these figures suggest that we are able to 
pick up different cycles for each economy. In addition, while these countries have experienced 
common macroeconomic shocks, there are significant differences in the cyclical behaviour of 
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 Note that the risks of attrition differ between the two surveys. In the ECHP survey, that sample is not renewed 
over time, so the representativeness is impaired at the end of the period. The fact that SILC uses a rotating panel 
of four years (nine years for France) limits this problem at the price of a lower longitudinal dimension. 
12 
 
unemployment. For example, unemployment increased in Portugal from 1994 to 1996, while it 
decreased rapidly in Spain in those years. Similarly, in 2001-2003, unemployment increased in the 
Netherlands but decreased in Italy. Finally, the third panel documents the substantial differences in 
inflation rates across countries. Inflation converged at the end of the 2000s but diverged somewhat 
during the Great Recession. 
Figure 2 shows the evolution of aggregate real wages using the series of “labour compensation 
per unit labour input” obtained from the OECD national accounts that we have adjusted for inflation.21 
In recent years, the most striking pattern is the substantial increase in both real wages and 
unemployment from 2008 to 2010 during the Great Recession in France, Portugal, Spain, and Italy. In 
2008-2009 in Spain and Portugal, real wages increased, respectively, by 4%, and 3.6%. Real wage 
growth was more moderate in 2009-2010, with most countries in our sample experiencing negative 
real wage change. 
 Evidence on the Cyclicality of Wages before and during the Great III.
Recession 
Econometric model 
Following Solon et al. (1994), we assess the importance of compositional biases by comparing 
estimates obtained with aggregate data and with individual level panel data. As in previous works, 
cyclical conditions are captured using the unemployment rate, which proxies for changes in labour 
demand. 
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 According to the the OECD, labour compensation per unit of labour input shows the average remuneration 
received by employed persons in the economy. It is obtained by dividing the total compensation of employed 
persons by the total number of hours worked. See OECD (2013). 
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With panel data, we can control directly for the composition of the sample over the cycle. As 
we are interested in the coefficient of the unemployment rate, conventional standard errors will be 
significantly underestimated in the likely presence of common group errors at the country by year 
level. In a similar context, Card (1995) shows that neglecting for such clustering of the error term 
leads to incorrect inference, as it generates standard errors that are dramatically smaller. As in Solon et 
al. (1994), we address this clustering by estimating the models in two steps. In the first step, the model 
assumes that the log real wage rate iktw follows a standard earnings equation: 
 
2
1 2ikt it it i kt iktw X X          (1) 
where wages depend on a linear and quadratic term of potential experience itX ; i is a term constant 
over time that accounts for the effect of observable and unobservable characteristics on wages, such as 
education and ability; and ikt  is an error term.
22
 The term kt  is a set of time by country-fixed effects, 
which, by definition, captures cyclical variations in average wages in country k conditional on the 
composition of the labour force.
 
This implies that the parameters kt  comprise a real wage time series 
free of composition bias. 
Using panel data, we estimate the series kt  using the fixed-effect estimator.
23
 However, panel 
data are not always available, and even when they are, they are often not rapidly released, which 
prevents analysing recent periods. As a result, several recent papers control for composition effects 
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 We follow the literature by treating the returns to observable and unobservable characteristics as constant over 
time. See Chay and Lee (2000) for a more general model allowing for changes in the returns to observed and 
unobserved characteristics over time. 
23
 Following Carneiro et al. (2012), we use the fixed-effect estimator instead of the first-difference estimator in 
order to avoid restricting the sample to only individuals working over two consecutive periods. In practice, using 
first-differences instead gives broadly similar results. 
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using cross-section data.
24
 It is therefore interesting to know whether similar results can be obtained 
using this type of data. 
Without panel data, several assumptions on i  are needed. Consider the linear projection of i  
on observable individual characteristics iZ  such as education and sex, 3i i iZ u   , where iu  is an 
error term orthogonal to iZ . Estimates of kt   using cross-sectional data with a model controlling for 
the vector iZ  will be consistent if ( , ) 0i ktcov u   , that is, if the distribution of unobserved 
characteristics is uncorrelated with cyclical variations. This hypothesis will be invalid if, for example, 
individuals with the lowest wages conditional on their age and education are more likely to become 
unemployed. In the empirical work, we investigate how using cross-sectional methods affects the 
estimated elasticity of wages in our sample. 
Once we have obtained estimates of kt  with panel or cross-section data, the second and final 
step is to estimate the correlation between the growth rates of real wages adjusted for composition 
effects with changes the national unemployment rate. We consider models of the form: 
 ˆkt t kt ktU u        (2) 
where ktU  is the annual change in unemployment rate. The model controls flexibly for common 
trends or shocks across country with time fixed effects t . In such specification, the parameter   is 
identified from deviations in average unemployment changes across countries in a given year. 
Equation (2) indicates that the precision of estimates of   will be based on the number of 
country-years in the data and not on the initial number of observations in the first step, which solves 
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 See, e.g., Haefke, Sonntag and Van Rens (2013), Blundell, Crawford and Jin (2014) and Beraja et al. (2014). 
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the clustering problem discussed above.
25
 As the unobserved error term in Equation (2) might be 
serially correlated within countries, we report robust standard errors clustered at the country level.
26
 
However, with at most eight countries in our sample, we rely on few clusters. This might be 
problematic, as the consistency of the estimator of cluster robust standard errors relies on the number 
of clusters (Angrist and Pishke, 2009, chapter 8, p. 313; Donald and Lang, 2007). Following the 
suggestions of Brewer et al. (2013) and Cameron and Miller (2015), we adjust the critical values using 
a t-distribution with degrees of freedom equal to the number of countries in the regression minus one, 
rather than a standard normal. 
Baseline Results 
Next, we present our estimates of the elasticity of real wages to changes in the unemployment rate 
using longitudinal data from 1994 to 2001 in the ECHP and 2003 to 2011 in the SILC.
27
 To obtain an 
average across countries and because we have a short panel with, at most, 15 years per country, we 
estimate our baseline model by pooling countries in the sample. We first focus on results using hourly 
wages as a dependent variable. 
We start by comparing estimates obtained with aggregate data or with individual level data. In 
column 1 of Table 1, the dependant variable is the uncorrected change in log real wages from the 
national accounts.
28
 Consistent with previous studies using aggregate data, the results point to no 
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 Using a two-step procedure has the additional advantage of placing equal weight on each country-year 
observation so we do not have to adjust for differences in sampling size over time and across countries.
 
See, e.g., 
Donald and Lang (2007) and Angrist and Pischke (2008) for a detailed discussion of the advantages of the two 
step method with respect to other methods. 
26
 We use the generalization of the White (1980) robust covariance matrix from Liang and Zeger (1986) which 
allows for clustering in addition to heteroscedasticity. 
27
 We use the 2004-2011 releases of SILC, which contain retrospective information on income in the previous 
year. 
28
 We use changes in the real labour compensation obtained from the OECD website. To ensure comparability, 
we match countries and years across regressions to those of the regressions using the ECHP-SILC data. 
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evidence of cyclicality. The estimated coefficient is positive, relatively small and statistically 
insignificant. 
In column 2, we use as a dependant variable an uncorrected series of changes in average log 
hourly wage, which we constructed using our micro data. We find weak evidence of wage cyclicality, 
with a small, and imprecisely measured, negative coefficient.  
Column 3 presents the results from the two-step model, which accounts for composition 
effects in the first step regression. The differences are striking: the estimated effect is quantitatively 
large and statistically significant. We estimate a coefficient of −0.65, indicating that a 1 p.p. increase 
in the unemployment rate is correlated with a 0.65 decrease in log real wage net change of 
composition effects. In columns 4 and 5, we estimate the same model separately on men and women. 
The elasticity is found to be significant for both groups and is slightly larger for men. 
As panel data are not always available, an important question is whether similar results can be 
obtained using cross-section data which tend to be more easily available. In column 6, we examine 
what happens if we use our data as if it were cross-sectional. We estimate a model in which we do not 
exploit the panel dimension of the data: instead of using individual fixed effects to account for 
composition effects in the first step, we use flexible controls for education and potential experience 
through the interaction between eight cells of potential experience and three levels of education.
29
 
With respect to the previous column, the estimated coefficient is still found to be negative and is 
measured relatively precisely, but it is slightly smaller, close to −0.42. Overall, this suggests that 
cross-sectional methods are able to account for a large part of the composition effects. 
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 We use a separate set of fixed effects for each country and each sample. The cells of potential experience are 
defined in the following way: less than five years, 6-10, 11-15, 16-20, 21-25, 26-30, and 31-35 years, and more 
than 36 years. Potential experience is defined using the declared year of entry in the labour market, when 
available, and is imputed when missing using 21, 19 and 16 for individuals with tertiary, secondary and primary 
levels of education, respectively. 
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To illustrate graphically the underlying source of variations of the estimates in Table 1, we 
perform a double residual (Goldberger, 1991) or partial (Velleman and Welsch, 1981) regression.
 30
 
Figures 3A and 3B provide a graphical representation of the residuals of the regression of ˆkt   on 
time-fixed effects on the y-axis and the residuals from a separate regression of ktU  on the time-fixed 
effects on the x-axis. The bivariate regression between these residuals provides the same estimate of 
the coefficient   than the regression of Eq. (2) while controlling for the effect of time. We consider 
two cases: when ˆkt has been obtained with aggregate data from real labour compensation (column 1 
in Table 1) and with SILC data correcting for composition effects using the fixed-effect method 
(column 3).  The figures show that the positive coefficient estimated in Column 1 is partly driven by 
the large simultaneous growth in real wages and unemployment observed for Spain during the Great 
Recession in the aggregate data. When composition effects are accounted for, there is a clear negative 
correlation between real wage changes and unemployment.  
Figure 3 also makes clear that some countries experienced larger shocks over the period. An 
important question is thus whether the results are sensitive to the inclusion of a particular country in 
the sample. As a robustness check, we have estimated the same model but excluding each country 
sequentially (see Appendix Table A1). The results proved to be quite robust. The estimates are 
nevertheless sensitive to the inclusion of Spain, but, if anything we obtain a larger elasticity without 
Spain in the sample. 
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 Let kt  be the residuals of a regression of  ˆkt  on time fixed effect t , and let ktU  be the residuals of a 
regression of  the regression of ktU   on time fixed effect t . The OLS regression of  kt  on ktU  provide 
the same estimate of the coefficient   that the OLS regression of Eq. (2). This is a direct application of the 
Frisch-Waugh-Lovell Theorem. 
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Robustness to Measurement Errors in Wages 
An important concern is that that the number of hours worked might be measured with errors. Such 
measurement errors might introduce substantial biases in estimates obtained using hourly wages (see, 
e.g., Borjas 1980). As a robustness test, we present results obtained using alternative measures of 
wages, which are likely to be measured with greater precision but do not include all the employees in 
the sample. If measurement errors are an important issue, we expect to find significant differences 
across these models. 
We start by using monthly wages of full-time workers. Focusing on full-time workers should 
diminish measurement errors in the labour supply at the price of selecting individuals with stronger 
labour market attachments.
31
 Finally, as the number of months worked might also be measured with 
errors, we also experiment with specifications using a sample restricted to full-time, full-year workers.
 
Panel A in Table 2 presents the results obtained with these alternative definitions. Overall, the results 
are not sensitive to the definition of wages retained, and the estimates are quite similar across 
specifications. 
Another issue is that the data collection procedures differ between the ECHP and the SILC. 
Each survey might be affected by specific measurement errors, implying that the data for different 
periods are difficult to compare. In particular, Dickens et al. (2007) show evidence that wage data in 
household surveys such as the ECHP are measured with significant noise. We consider several 
approaches to this problem. We first examine the extent to which the results differ in estimates 
obtained separately with each dataset. The results in Panels B and C in Table 2 report, for both 
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 We also experimented with estimates using hourly wages of full-time workers. The results were basically 
similar and are available upon request. 
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datasets, a sizable and significant response of real wage growth to the cycle, albeit slightly larger with 
ECHP, with an estimated parameter between −0.8 and −0.9 in ECHP against −0.5 and −0.7 in SILC. 
To minimise measurement errors, another possibility is to focus on countries in the SILC data 
where information on wages is collected from administrative records. In panel D, we estimate the 
model using only these countries. We obtain substantially larger elasticities with this sample, between 
−0.9 and −1.1. In contrast, estimates in panel E obtained with countries where income is collected 
through a household survey are lower, close to −0.7 and −0.8, but they are nevertheless statistically 
significant. 
Following among others Friedman and Schwartz (1982), we also estimate the “errors-in-
variables bounds” of Gini (1921) and Frisch (1934).32 These bounds can be obtained by reversing the 
direction of the regression, which implies regressing changes in the unemployment rates on changes in 
wages. If measurement errors are classical, the original regression gives a downward biased estimate 
of the true coefficient (in absolute value). In contrast, the inverse of the OLS coefficient of the reverse 
regression gives an upward biased estimate, thus bracketing the true value. Table 3 displays the 
reverse regression estimates. The bounds confirm that adjusted real wage changes are pro-cyclical, but 
they are quite large: the reverse regressions provide an upper bound from −7 to −6, while the 
corresponding original regression estimates were close to −0.7.33  
An important caveat is that the previous bounds are only valid under the assumptions of 
classical measurement errors, which is open to question. Papers by Bound and Krueger (1991) and 
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 See Klepper and Leamer (1984) for a generalisation to multivariate regressions and Erickson (1993) for a 
discussion of the important case where measurements errors are correlated. 
33
 As discussed by Hausman (2001), the width of these bounds is proportional to the 
2R of both the original and 
reverse regressions (where time fixed effects have been partialled out), which are identical. If ˆ is the OLS 
estimate of the coefficient original regression and ˆinv is the estimate obtained from the reverse regression, the 
bounds are such that
2ˆ ˆ/ inv R   . In our case, the
2R is 0.08, which is relatively low. 
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Black, Berger and Scott (2000) have documented negative correlations between measurement errors 
and true values in survey data. As discussed by Kim and Solon (2005), if measurement errors are 
mean-reverting, our estimates of wage cyclicality are downward biased. Unfortunately, in the absence 
of any validation study for ECHP or SILC data, we cannot assess how specific patterns of 
measurement errors might influence the results. However, the fact that we obtain larger estimates in 
countries where labour income data were collected from administrative record is consistent with the 
presence of a downward bias in estimates using survey data. This suggests that the ‘true’ cyclicality of 
wages might be even larger than the one reported here. 
Did the Cyclicality Change during the Great Recession? 
Until this point, we have constrained the elasticity of the adjusted real wage growth to be similar 
before and during the Great Recession. We next investigate whether we find a different response of 
wages during this period. We first examine the residuals of the aggregate data and the data adjusted for 
composition effects after 2008 in Figure 3c and 3d. As for the overall period, while the correlation 
between wages and unemployment is positive in the aggregate data, there is a clear negative 
correlation during the Great Recession in the corrected data.  
In panels A and B of Table 4, we formally test for a structural break in wage adjustment after 
2008 with the following model
 34
: 
 1 2 2008ˆkt t kt kt t ktU U e u            
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 With at most 15 years in our sample, our time dimension is rather limited, so we do not perform structural 
break tests with an unknown break date. 
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where  2008te  is an indicator function equal to one after 2008 and zero otherwise. The estimation 
results for 1994-2011 in Panel A where the data come from the ECHP and SILC panels provide no 
evidence that wage cyclicality varied in a significant way between the two periods.  
In Panel B, we restrict our sample to SILC data to get a more homogenous sample which 
provides estimates using only the 2003-2011 period. The results indicate a negative coefficient for 2
while the coefficient of 1  is small or positive, which is not statistically significant, suggesting a 
larger response during the Great Recession than in 2003-2007. 
We conclude by providing a simple quantitative estimate of the importance of composition 
effects on average wages during the Great Recession. An intuitive way to assess the importance of 
composition effects is to estimate the counterfactual changes in average wage that would have been 
observed in 2011 had the composition of the labour force remained as it was in 2008. We estimate the 
following decomposition: 
   11 108 08 01 11 11 088( ) (Z )w w w w Z w w      
where tw  is the average real wage observed in year t   and '( )t tw Z  is the counterfactual wage that 
would have been observed in t  had the distribution of characteristics ( , )Z X   of employees 
remained as in period t . The term on the left side captures composition effects and reflects the 
changes in average real labour price that would have been observed in 2011 if the distribution of 
characteristics had become similar to that of 2008. The second term in the brackets captures price 
effects and reflects the counterfactual change that would have been observed between 2011 and 2008 
22 
 
had the composition of the labour force remained constant at the 2008 level. To control for changes in 
composition, we use the reweighting approach proposed by DiNardo et al. (1996).
35
 
Table 5 shows that composition effects were substantial and tend to be positive across all 
countries. Composition effects were particularly large in Belgium, Italy, France and Spain, which 
experienced the largest unemployment increase. They were quite low in Austria and Finland, where 
unemployment did not change much. Figure 4 represents graphically each element of the 
decomposition on the unemployment change. While changes in observed average wages are weakly 
correlated with unemployment, changes in real wages net of composition effects are proportional to 
the unemployment change across countries.
36
 
Overall, there are two main lessons from the results in this section. First, consistent with the 
previous literature, controlling for composition effects dramatically influences the estimated elasticity 
of wages. Once composition effects are accounted for, we find a strong response of real wage growth 
to unemployment. These findings confirm the conclusion of previous works using longitudinal micro 
data. Our estimated elasticities are remarkably in line with, although slightly lower, existing estimates 
in the literature.
37
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We calculate weights for 24 groups of education and experience interacted with sex such that the reweighted 
distribution in a given year is equal to that of the reference year. The “counterfactual” average wage is then 
simply obtained by using these weights. 
36
 The result is similar when excluding Spain from the sample, as demonstrated by Figure A1 in the Appendix. 
37
 The literature reports elasticities between −0.7 and −1.7 for the US (Solon et al., 1994) and −1.7 and −2.0 for 
the UK (Devereux and Hart, 2006). For Eurozone countries, Anger (2011) reports elasticities from -0.8 to -1.7 
for Germany, Verdugo (2013) finds −1.5 for France, Carneiro et al. (2012) find −1.6 to −2.5 for Portugal, Peng 
and Siebert (2008) find −1.4 to −3 for Italy, while de la Roca (2014) finds −0.4 for Spain. Most papers use a 
model similar to that of Eq. (1), but there are sometimes important differences in the sample construction and the 
unemployment measure used to estimate the model that must be taken into account to interpret the results. See 
Anger (2011) for a detailed discussion.  
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Second, there is no evidence that real wages were less cyclical during the Great Recession. On 
the contrary, our estimates indicate a substantial response of adjusted real wage growth to the 
downturn in countries most affected by the crisis. 
Testing for Heterogeneity in the Cyclical Adjustment of Wages 
Following Swanson (2007), we use the richness of individual data to document heterogeneities in the 
cyclical adjustment of wages. We start by estimating a more flexible model allowing for a different 
response of the adjusted real wage growth to unemployment increases and decreases as in Martins 
(2007). The model is the following: 
 
0 0
ˆ
kt ktkt t kt U kt U kt
U e U e u    
 
         
where    is the elasticity of log real wage net change of composition effects to unemployment 
increase and    is the elasticity to an unemployment decrease.  
The results in panel A of Table 6 indicate that there are significant differences in the response 
of real wage growth over the cycle. We obtain a much larger coefficient in response to unemployment 
increases than to decreases. In panel B, where the estimation period is much shorter, we find no 
response to unemployment decreases, while there is a strong procyclicality to unemployment 
increases. However, these differences should be interpreted with caution. As the standard errors of 
these estimates tend to be quite large, we can never reject formally the hypothesis of equality across 
these coefficients. 
Second, we examine whether there are important differences in wage cyclicality across skill 
levels. In Table 7, we estimate separate models depending on the initial rank in the wage distribution 
of an individual when he or she is observed for the first time in the sample. The results point to 
significant variations between groups. The cyclicality of wage growth is much larger for those 
observed initially with wages below the first percentile (−0.9) than between the first quartile and the 
median (−0.3). 
Overall, an important lesson from Tables 6 and 7 is that there are significant differences in 
wage cyclicality between phases of the cycle and workers. That we obtain a higher pro-cyclicality of 
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wages for low wage workers is consistent with evidence from Swanson (2007) for US data. Our 
results are nevertheless not always in line with the rest of the literature. The fact that wages tend to be 
more procyclical during downturns is consistent with evidence from Verdugo (2013) for France and 
Martins (2007) for Portugal but is in opposition with results from Font et al. (2015) for Spain and Shin 
and Shin (2008) for the US. 
Next, we distinguish the response of wages between those changing employers and those 
remaining in the same job. The more important cyclicality of the wages of job changers has been 
underlined in the empirical literature (see, e.g., Devereux and Hart, 2006) and might reflect the 
existence of implicit contracts insuring workers remaining with the same employer from excessive 
income fluctuations (Beaudry and DiNardo, 1991). Focusing on males, we estimate two series of 
corrected wage indexes for stayers and shifters using the following model: 
 1stay shiftikt it i kt ikt kt ikt iktw X S S e          
where  iktS  is an indicator variable equal to one when an individual has changed employers during the 
year. In the second step, we regress the estimates of 
stay
kt  and 
shift
kt   on the unemployment change and 
level. The results of these estimates are provided in Table 8. As expected, job-changers exhibit a much 
higher level of cyclicality than job stayers: the procyclicality of wages growth of job changers is found 
to be the double of the one of stayers in Panel A. In any case, the fact that we find larger procyclicality 
of movers is in line with Devereux and Hart (2006) for the UK or Martins (2007) for Portugal  
In panel B, where monthly wages are used, the differences are smaller. In addition, in both 
panels, as the standard errors are quite large, we cannot reject the hypothesis of equality of the 
coefficients across each type of workers.  
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As the unemployment dispersion is often large across regions and tends to widen during 
downturns,
 
a key question is whether wages additionally react to the local economic shocks 
(Blanchard and Katz, 1992; Blanchflower and Oswald, 1995).
 38
 Following recent work by Gregg et al. 
(2014) and Swanson (2007), we estimate whether real wages additionally respond to differences in the 
regional unemployment rate. We use the following first step model: 
ikrt it i krt iktw X e       (3) 
where krt  varies across regions r  within countries k . In the second step, we consider the model: 
 ˆkrt t N k k t ktRt rU U u           (4) 
where the composition adjusted regional average wage ˆkrt is used as a dependent variable and the 
regression include simultaneously the national ( ktU ) and regional ( krtU ) unemployment rates as 
covariates in the model. 
The results are reported in Table 9. Because the data do not contain information on regions for 
the Netherlands, we exclude this country from the sample.
39
 For comparison, Column 1 shows an 
estimate of the baseline model without the Netherlands in the sample. Columns 2 and 3 show 
estimates using, alternatively, the national or regional unemployment rate; the coefficient of the 
regional unemployment rate is negative but is measured quite imprecisely. When both rates are 
included in the model, as in Column 4, the elasticity to the regional unemployment is close to zero. In 
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 In Spain, for example, in 2011, the unemployment rate was 31% in Andalusia but only 13% in the Basque 
Country. 
39
 Regional boundaries in ECHP and SILC change in an important way between the two surveys. We have 
matched these definitions with data from the European LFS and calculated regional unemployment rates 
corresponding to the specific definitions available in the panel data. See the appendix for details. 
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Column 5, we include country by year fixed effects, which absorb national level average variations in 
wages. Once again, the elasticity to regional unemployment is close to zero.  
A potential issue is that our sample includes both large and small countries. The response to a 
regional shock may differ between the two, as it might be easier to move from the South to the North 
in a small country such as Belgium or Austria than in Italy or Spain. To explore this question, we 
estimate for each country a model including regional unemployment rate and time-fixed effects. For 
most countries, Table 10 shows that there is little evidence of an additional wage adjustment to 
regional unemployment. If anything, we obtain a positive coefficient in Austria and Belgium. 
Overall, an important lesson from Table 9 and 10 is that differences in regional unemployment 
rate do not account much for cyclical wage variations once the effect the national unemployment rate 
has been accounted for. This result is consistent with recent work from Gregg et al. (2014) for the UK 
and Swanson (2007) for the US. This suggests that most the adjustment to regional disparities will rely 
on internal migration, as the average response of wages seems to be driven by national level trends. 
 Downward nominal wage rigidity during the Great Recession IV.
In the previous model, real wages were used as a dependent variable, and as a result, the potential 
interactions between the adjustment of wages and inflation were not taken into account. Variations in 
the inflation level might have important consequences on the adjustment of real wages if nominal 
wages are rigid. In a low inflation environment, especially if inflation fluctuations are not 
anticipated (Elsby, 2009), firms might find it difficult to adjust real wages downward because doing 
so implies decreasing the nominal wage (Tobin, 1972). In this section, we assess the evidence for 
downward nominal wage rigidity, particularly during the Great Recession when significant 
fluctuations in the inflation rate occurred. In order to focus on a more homogenous sample and for 
brevity, we concentrate on evidence from the SILC data. For comparison, the results obtained with the 
ECHP panel for the earlier periods are reproduced in the appendix in Tables A2 and A3. 
Following the literature, we start by presenting visual evidence from the distribution of 
individual wage growth. To better capture rigidities, we exclude job changers and focus on full-time 
full-year workers to minimise measurement errors. Figure 5 presents a series of histograms of the 
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distribution of year-to-year changes in nominal wages in the SILC sample in 2009, during the Great 
Recession, and just before, in 2007.
40
 Such distribution directly depicts the share of wage changes that 
are negative and close to zero. For Portugal, because there was an important change in the data 
collection procedure in 2009, which makes the 2008-2009 changes unreliable, we use instead changes 
from the 2009-2010 period.
41
 As in Card and Hyslop (1997), the inflation rate of both periods is drawn 
using a vertical line, with a solid line for 2008 and a dashed line for 2009.  
The first panel of Figure 5 represents the groups of countries for which income data were 
collected using administrative records, while countries in the second panel rely on information on 
income from household surveys. Consistent with Dickens et al. (2007), we find that these distributions 
have a number of characteristics in common but also notable differences. Four features stand out. 
First, as highlighted in the previous literature, nominal wage decreases are not rare. Depending 
on country and year, approximately 20-40% of workers experienced nominal-wage cuts, which is 
strong evidence that nominal wages are not completely sticky for a large proportion of the workforce. 
In particular, data from France, Italy, the Netherlands and Finland, all collected from administrative 
records, show a high frequency of nominal wage reductions. 
Second, consistent with the results in the previous section, measured year-to-year changes in 
individual wages have clearly responded to the Great Recession; for most countries, the distribution 
clearly shifted to the left in 2009. Table 11 reports the share of negative nominal and real wage 
changes from 2003 to 2011. Accordingly, the share of workers with negative nominal wage changes 
increased substantially in 2009 and 2010. 
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 For scale reasons, the real wage changes have been censored at +/−0.4, and the masses at the upper and lower 
extremes represent cumulative fractions. 
41
 Starting in 2008, most wages in Portugal were collected as the net of social contributions while previously 
gross wages were collected. 
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Third, even if negative nominal wage changes were relatively frequent, inflation nonetheless 
played an important role in real adjustments, as a substantial share of nominal increases are below 2-
3%. For example, while the share of workers with negative nominal changes decreased from 2009 to 
2010 by 3 percentage points in France, the share of workers with negative real change increased by 11 
points, as inflation rebounded in 2010 with respect to 2009. A comparison with similar figures 
obtained from administrative data for the UK reported in Elsby et al. (forthcoming) in the last two 
columns is also noteworthy: negative nominal wage changes were less frequent in the UK than in 
France or Finland. In contrast, negative real wage changes were substantially larger in the UK, 
particularly in 2010. 
Fourth, evidence for the existence of a spike at zero before and during the Great Recession is 
mixed. A spike is visually discernible in Spain and, to a lesser extent, in Austria, with an average share 
of 8% and 3% of wage freezes over the 2004-2010 period, respectively. In countries using payroll 
data, less than 1% of individuals have an identical wage over two years. 
To examine more formally how these distributions evolve over the cycle, we compute 
distributional statistics for each country and year that aim to capture the type of distributional 
asymmetries often highlighted in the literature on downward nominal wage rigidities.
42
 First, 
following Guvenen et al. (2014), we estimate the evolution of the skewness of the distribution using 
“Kelley’s measure of skewness”, which relies on the quantiles of the distribution and is thus robust to 
outliers. This statistics measure the changes in an excess mass to the right and is defined as the relative 
difference between the upper and lower tail inequalities: (P90-P50 – P50-P10)/(P90-P10). Second, to 
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 For a different approach that adopts a fully parametric specification of the wage change process, see Altonji 
and Devereux (2000) and Bauer et al. (2007). 
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assess the importance of the peak at zero, following Kurmann et al. (2014), we estimate the following 
statistics: 
   (0.005) ( 0.005) (2 0.005) (2 0.005)kt kt ktsp F F F median F median         . 
This statistic measures the difference between the mass around zero at the left of the median and the 
corresponding mass to the right of the median. If the distribution is symmetric, these two statistics are 
equal to zero. They are positive when the distribution is characterised by the type of asymmetries 
associated with downward wage rigidities. 
These statistics are reported for each country in Table 12, while Table 13 systematically 
investigates their correlation with the cycle. For most countries, there is a clear decrease in the 
skewness of the wage change distribution during the Great Recession; regression results in Table 13 
show that the skewness of the distribution is negatively related to increases in the unemployment rate, 
both in countries using administrative and in those using survey data. This implies that during the 
Great Recession, the probability of a substantial negative wage change increased markedly while the 
probability of large wage increases decreased. 
The evidence is less clear with respect to the spike at zero. Table 12 shows that there are 
substantial disparities between Spain and Austria, where some evidence of a spike at zero is 
discernible, and other countries, where this statistic is quite small and varies only marginally. If 
anything, the regression in Table 13 indicates a positive correlation in countries with administrative 
data but a negative correlation in countries using survey data. Interestingly, similar statistics for ECHP 
reported in Table A3 for earlier periods show stronger evidence of peaks at zero for most countries. 
Such systematic variations between countries using administrative records and countries using 
survey data suggest that differences in data quality complicate cross-country comparisons. Among 
other examples, large negative variations greater than −0.1 are quite rare in countries using 
administrative data (less than 10% in France, Finland and Italy and 4% in the Netherlands) but are 
observed more frequently in countries using survey data (approximately 20% in Spain and Austria). 
We also find significant differences in the autocovariance of individual wage changes in the SILC 
data. Following Dickens et al. (2007), we show in the appendix that, under some hypotheses, the more 
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errors that are present in a dataset, the more negative the auto-covariance of wage changes should be.
43
 
The results in Appendix Table A4 indicate that countries using administrative data tend to have a 
much lower auto-covariance than those using survey data. In particular, the auto-covariance is ten 
times larger in Spain and Austria, which use survey data, than in the Netherland and Finland, which 
rely on administrative data. Somewhat surprisingly, the auto-covariance is found to be relatively small 
in Portugal.  
Before concluding this section, it is important to bear in mind that the previous results were 
obtained using total wages. Unfortunately, we are not able to distinguish in our data the base wage, 
which might be much more downward rigid. Recent work by Carneiro et al. (2014) for Portugal using 
administrative data points to the existence of significant rigidities in the base wage during the Great 
Recession. In particular, they report a share of 30% of base wage freezes in 2013 against only 5% in 
2008. Such rigidity of the base wage is consistent with results from Swanson (2007) for the US who 
remarks that the base wage is not cyclical.  
The exceptional severity of the recent downturn in Portugal might also explain the large share 
of base-wage freezes reported by Carneiro et al. (2014), as wages have not been found particularly 
rigid in Portugal in previous work from the same authors.
44
 Differences in the quality of the data might 
also play a role, but this cannot be the whole explanation. As highlighted above, we find little evidence 
of wage freezes for four European countries using administrative data during the Great Recession in 
our sample, which is consistent with other recent studies using administrative data for 
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 Such a conclusion is valid under the hypothesis that the “true” auto-covariance of wage change does not vary 
too much across countries and over time. 
44
 Using the same administrative data, Carneiro et al. (2012) report an even larger cyclicality of wages in 
Portugal than in the US or the UK in the pre-Great Recession period with an elasticity of real wages to the cycle 
of −1.6 to −2.5 over the period 1986-2005. 
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France (Audenaert et al., 2014), the UK (Elsby et al., forthcoming), Ireland (Doris et al., 2012), and 
the US (Kurmann et al., 2014). 
 Discussion V.
Using individual level data for the Eurozone before and during the Great Recession, we have 
investigated the relationship between real wages and change in unemployment rates. We found that 
composition effects hide the significant correlation between real wage changes at the worker level and 
the business cycle. With individual data, we estimate an elasticity of real wage growth, net of 
composition effects, to unemployment rate changes between −0.6 and −1. We also find a substantially 
larger elasticity for job changers and workers at the top of the wage distribution. Finally, we do not 
find evidence of an additional correlation of wages to region-specific changes in unemployment. 
Consistent with these findings, we find that composition effects were large during the Great 
Recession and that they potentially explain most of the stagnation or increases in average wages 
observed in the aggregate data from 2008 to 2010 in countries most affected by an unemployment 
increase. At the worker level, the data indicate much larger wage adjustments during the downturn in 
countries most affected by the crisis. 
The results in this paper have several implications. First, they confirm that the evolution of the 
aggregate real wage series is partially misleading. International comparisons of wage adjustments 
based on aggregate data must be interpreted with caution when there are simultaneously large 
differences in unemployment change across countries. 
The results also suggest that the creation of a wage index that accounts for composition effects 
would have a substantial payoff. Clearly, this index would be most useful if it is sufficiently 
homogenous across countries and could be updated relatively rapidly. One important finding is that 
simple regression techniques with cross-section data to control for composition effects might account 
for a large share of the compositional biases. 
Finally, to assess differences in wage rigidity across countries, the availability of homogenous 
high quality administrative data on wages for a larger set of countries would also be desirable. While 
half of the countries in our sample used administrative data, the other half relied on household surveys, 
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complicating cross-country comparisons. A generalization of the use of administrative data in the 
SILC panel would be a great asset for future research on the European economy. 
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Table 1: Real Wage Elasticity: Aggregate versus Individual level Estimates 
  (1) (2) (3) (4) (5) (6) 
Specification 
Real aggregate 
labour 
compensation 
No 
individual 
fixed-
effects 
Include indiv. 
fixed-effects 
Include indiv. 
fixed-effects: 
Men 
Include indiv. 
fixed-effects: 
Women 
Cross-
section 
method 
ktU  0.147 -0.167 -0.648*** -0.690*** -0.575** -0.423* 
 
(0.190) (0.109) (0.171) (0.188) (0.197) (0.212) 
N 112 112 112 112 112 112 
Sample 
National 
accounts 
ECHP-SILC 
Period 1994-2001 // 2003-2011 
Wage measure   Hourly wages 
Time FE Yes Yes Yes Yes Yes Yes 
Individual FE 
(First Step) 
na No Yes Yes Yes No 
 
Notes: The table presents estimates of regressions of changes in log real hourly wages on changes in 
the unemployment rate. Columns 1 uses wage data from national accounts while other columns use 
data from the ECHP and the SILC panels. See text for details. Robust standard errors clustered by 
country are in parenthesis. Statistically significant * at the .10 level; ** at the .05 level; *** at the .01 
level. 
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Table 2: Differences in Elasticity across Samples and Periods 
  (1) (2) (3) 
Adjusted real 
wages definition 
Hourly 
Wages 
Monthly 
Wages,  
Full Time 
Full Time, Full 
Year Wages 
  A. Period 1994-2001 // 2003-2011 
 ktU  -0.648*** -0.724*** -0.672*** 
  (0.171) (0.135) (0.146) 
N 112 112 112 
  B. ECHP data: Period 1994-2001 
 ktU  -0.927** -0.821** -0.814** 
  (0.283) (0.280) (0.279) 
N 51 51 51 
   C. SILC data: Period 2003-2011 
 ktU  -0.541** -0.687*** -0.617*** 
  (0.169) (0.151) (0.157) 
N 61 61 61 
 
D. SILC, countries using administrative data: 
FI, FR, IT, NL, 2003-2011 
ktU  -0.910* -1.155* -1.093* 
 (0.377) (0.378) (0.383) 
N 31 31 31 
  
E. SILC, countries using survey data:  
ES, PT, AT, BE, 2003-2011 
 ktU  -0.698** -0.734** -0.779** 
  (0.170) (0.154) (0.145) 
N 30 30 30 
Time FE Yes Yes Yes 
Individual FE 
(First Step) 
Yes Yes Yes 
 
Notes: The table presents estimates of regressions of annual changes in adjusted log real wages on 
changes in the unemployment rate. Column 1 uses real hourly wages. Column 2 uses real monthly 
wages of full time worker while column 3 use real monthly wages of full time full year workers. 
Robust standard errors clustered by country are in parenthesis. Statistically significant * at the .10 
level; ** at the .05 level; *** at the .01 level. 
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Table 3: Reverse Regressions Estimates 
Dependent variable: Change in unemployment rate  
 
A. Period 1994-2001 // 2003-2011 
Adjusted real wage definition 
Hourly 
Wages 
Monthly 
Wages,  
Full Time 
Full Time, Full 
Year Wages 
Adjusted real wage change ˆkt  -0.132 -0.150* -0.138 
 
(0.070) (0.079) (0.073) 
N 112 112 112 
Implied bound on elasticity -7.6 -6.7 -7.2 
 
B. SILC data: Period 2003-2011 
Adjusted real wage change ˆkt  -0.134 -0.155 -0.137 
 
(0.077) (0.085) (0.077) 
N 61 61 61 
Implied bound on elasticity -7.5 -6.5 -7.3 
 
Notes: The table presents estimates of regressions of changes in the unemployment rate on changes in 
adjusted log real wages. Time fixed effects are included in all regressions. Column 1 uses real hourly 
wages. Column 2 uses real monthly wages of full time worker while column 3 uses real monthly 
wages of full time full year workers in the regression. Robust standard errors clustered by country are 
in parenthesis. Statistically significant * at the .10 level; ** at the .05 level; *** at the .01 level. 
 
Table 4: Real wage Elasticity before and during the Great Recession 
  (1) (4) (5) 
Adjusted Real 
Wage definition 
Hourly 
Wages 
Monthly 
Wages,  
Full Time 
Full Time, Full 
Year Wages 
  A. Period 1994-2001 // 2003-2011 
ktU  -0.608 -0.610* -0.524 
  (0.297) (0.284) (0.304) 
2008kt tU e    -0.065 -0.183 -0.236 
  (0.335) (0.316) (0.342) 
N 112 112 112 
  B. SILC data: Period 2003-2011 
ktU  0.281 -0.023 0.282 
  (0.400) (0.498) (0.491) 
2008kt tU e    -0.953 -0.770 -1.042 
  (0.399) (0.441) (0.436) 
N 61 61 61 
Time FE Yes Yes Yes 
Individual FE 
(First Step) 
Yes Yes Yes 
 
Notes: The table presents estimates of regressions of changes in adjusted log real wages on the 
unemployment rate and on the interaction between the unemployment rate and a dummy variable 
equal to one if the year is superior or equal to 2008. Column 1 uses real hourly wages. Column 2 uses 
real monthly wages of full time worker while column 3 uses real monthly wages of full time full year 
ktU
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workers in the regression. Robust standard errors clustered by country are in parenthesis. Statistically 
significant * at the .10 level; ** at the .05 level; *** at the .01 level. 
 
 
Table 5: Decomposition of average log real wage changes, 2008-2011 
  2008-2011 
Percentages of the observed 
wage changes 
 Country Observed Composition Adjusted, 2008 Xs Composition Adjusted 
AT 3.8 0.6 3.2 14.9% 85.1% 
BE 1.7 2.2 -0.4 124.3 -24.3 
ES -3.4 2.6 -6.1 -76.2 176.2 
FI 1.9 1.0 0.9 51.6 48.4 
FR 1.8 2.2 -0.5 126.1 -26.1 
IT -6.6 2.9 -9.4 -43.2 143.1 
NL 5.3 4.1 1.2 77.1 22.7 
PT* -3.7 1.1 -4.9 -30.4 130.4 
 
Notes: DFL decomposition method keeping constant at the 2008 level the distribution of education and 
experience across 24 cells. The third column shows the counterfactual log wage change estimated 
using the DFL reweighting technique by keeping the distribution of education and experience constant 
across 24 groups using the 2008 distribution. See text for details. * The data for Portugal refer to the 
2009-2010 period. 
 
Table 6: Testing for an asymmetrical real wage elasticity 
Adjusted Real 
Wage definition 
Hourly 
Wages 
Monthly 
Wages,  
Full Time 
Full Time, Full 
Year Wages 
 A. Period 1994-2001 // 2003-2011 
 0ktkt U
U e    -0.715** -0.841*** -0.797*** 
 (0.245) (0.217) (0.227) 
0ktkt U
U e    -0.535 -0.527 -0.460 
  (0.327) (0.302) (0.313) 
 B. SILC data: Period 2003-2011 
0ktkt U
U e    -0.645*** -0.792*** -0.758*** 
 (0.182) (0.175) (0.185) 
0ktkt U
U e    -0.031 -0.170 0.081 
 (0.514) (0.508) (0.526) 
N 112 112 112 
Time FE Yes Yes Yes 
Individual FE 
(First Step) 
Yes Yes Yes 
 
Notes: The table presents estimates of regressions of changes in log real wages on the unemployment 
rate. The model estimates a different parameter for unemployment increases and decreases. Column 1 
uses real hourly wages. Column 2 uses real monthly wages of full time worker while column 3 uses 
real monthly wages of full time full year workers in the regression. Robust standard errors clustered by 
country are in parenthesis. Statistically significant * at the .10 level; ** at the .05 level; *** at the .01 
level. 
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Table 7: Real Wage Elasticity across the Wage Distribution 
 
(1) (2) (3) (4) (5) (6) 
 Wage level <P10 <Q1 [Q1;Q2] [Q2;Q3] >Q3 >P90 
 A. SILC data: Period 2003-2011, Hourly Wages 
ktU  -0.916* -0.569* -0.299* -0.568*** -0.540** -0.665** 
 (0.469) (0.281) (0.157) (0.121) (0.184) (0.258) 
N 61 61 61 61 61 61 
 B. SILC data: Period 2003-2011, Monthly Wages, Full Time 
ktU  -1.129** -0.788** -0.362* -0.556*** -0.672** -0.695* 
 (0.444) (0.229) (0.166) (0.116) (0.260) (0.296) 
N 61 61 61 61 61 61 
 
Notes: The table presents estimates of regressions of annual changes in log real wages on changes in 
the unemployment rate. Each column shows a model estimated using individuals defined by their 
initial location in the wage distribution of their country the year they are observed for the first time in 
the sample. Robust standard errors clustered by country are in parenthesis. Statistically significant * at 
the .10 level; ** at the .05 level; *** at the .01 level. 
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Table 8: Wage Elasticity of Job Stayers and Job Changers 
  1 2 3 
  
All 
workers 
Stayers Changers 
A. SILC data: Period 2003-2011, 
Hourly Wages, Male Workers 
ktU  -0.541** -0.321 -0.621*** 
  (0.169) (0.191) (0.163) 
 N 61 61 61 
B. SILC data: Period 2003-2011, Monthly 
Wages, Full Time, Male Workers 
ktU  -0.687*** -0.687** -0.765*** 
  (0.151) (0.279) (0.159) 
 N 61 61 61 
 
Notes: The table presents estimates of regressions of annual changes in log real wages on changes in 
the unemployment rate. Time fixed effects are included in all regressions. Column 1 estimates the 
model using the whole population. Column 2 reports the effect for those who remained with the same 
employer. Column 3 reports the effect for those who changed employers. Robust standard errors 
clustered by country are in parenthesis. Statistically significant * at the .10 level; ** at the .05 level; 
*** at the .01 level. 
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Table 9: Real Wage Elasticity to National and Regional Unemployment 
 (1) (2) (3) (4) (5) 
 
National 
Level 
Regional regressions 
 A. Period 1994-2001 // 2003-2011, Hourly Wages 
national kt
U  
-0.845*** -0.962***  -0.931***  
  (0.129) (0.230)  (0.243)  
regional krtU    -0.223 -0.028 0.031 
 
  (0.156) (0.111) (0.072) 
N 79 640 640 640 640 
 B. SILC Data: Period 2003-2011, Hourly Wages 
national
 ktU  -0.769*** -1.005***  -1.005***  
  (0.174) (0.086)  (0.107)  
regional krtU    -0.219* 0.000 0.016 
   (0.090) (0.077) (0.037) 
N 48 414 414 414 414 
Time FE Yes Yes Yes Yes Yes 
Time x Country 
FE No No No No Yes 
Individual FE  
(First Step) 
Yes Yes Yes Yes Yes 
 
Notes: The table presents estimates of regressions of annual changes in regional log real wages on 
changes in the national and regional unemployment rate. Robust standard errors clustered by country 
are in parenthesis. Statistically significant * at the .10 level; ** at the .05 level; *** at the .01 level. 
 
Table 10: Effect of Regional Unemployment Rate per Country 
 Period 1994-2001 // 2003-2011 
 AT BE ES FI FR IT 
regional krtU  0.814*** 0.222*** -0.121 0.133 0.036 0.023 
 
(0.338) (0.048) (0.132) (0.412) (0.133) (0.250) 
N 37 42 180 46 222 113 
Time x 
Country FE Yes Yes Yes Yes Yes Yes 
Individual FE  
(First Step) 
Yes Yes Yes Yes Yes Yes 
 
Notes: The table presents estimates of regressions of annual changes in regional log real wages on 
changes in the regional unemployment rate. Robust standard errors are in parenthesis. Statistically 
significant * at the .10 level; ** at the .05 level; *** at the .01 level. 
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Table 11: Percentage of workers with negative real or nominal annual log wage change 
 A. Countries using administrative data 
 
FI FR IT NL UK* 
Years 
Nominal 
Wage Cut 
Real 
Wage Cut Nominal Real Nominal Real Nominal Real Nominal Real 
2003-2004 0.19 0.19 0.30 0.50 0.33 0.45     0.22 0.32 
2004-2005 0.21 0.25 0.26 0.40 0.31 0.45 0.17 0.22 0.18 0.25 
2005-2006 0.24 0.30 0.26 0.42 0.21 0.34 0.24 0.35 0.21 0.33 
2006-2007 0.18 0.25 0.26 0.36 0.41 0.54 0.09 0.13 0.20 0.44 
2007-2008 0.15 0.34 0.19 0.42 0.29 0.49 0.17 0.26 0.18 0.47 
2008-2009 0.29 0.36 0.29 0.29 0.39 0.45 0.20 0.25 0.19 0.29 
2009-2010 0.23 0.33 0.27 0.43 0.35 0.46 0.23 0.31 0.24 0.65 
2010-2011 0.19 0.45 0.24 0.43 0.37 0.58 0.20 0.41 0.24 0.60 
 B. Countries using survey data 
 AT BE ES PT  
 Nominal Real Nominal Nom. Nom. Real Nom. Real.   
2003-2004 0.43 0.47 0.34 0.42 0.37 0.50 0.00 0.51   
2004-2005 0.40 0.46 0.32 0.44 0.39 0.48 0.08 0.25   
2005-2006 0.37 0.45 0.37 0.49 0.33 0.46 0.25 0.34   
2006-2007 0.38 0.44 0.36 0.44 0.34 0.43 0.33 0.41   
2007-2008 0.38 0.47 0.36 0.51 0.39 0.51 0.30 0.45   
2008-2009 0.37 0.40 0.32 0.31 0.40 0.38 na** na**   
2009-2010 0.36 0.45 0.37 0.48 0.47 0.59 0.48 0.55   
2010-2011 0.26 0.37 0.29 0.43 0.44 0.57 0.74 0.79   
 
Notes: For each country, the table shows the share of full time workers with a negative real or nominal 
log wage change. The sample only includes job stayers working full-time full-year. * Data from the 
UK reproduced from Elsby et al. (2013). **due to a change in the wage data collection procedure, 
2008-2009 wage changes in Portugal are not comparable with other years. 
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Table 12: Distributional asymmetries of the distribution of annual wage changes 
  A. Countries using administrative data 
  Skewness Spike at 0 Skewness Spike at 0 Skewness Spike at 0 Skewness Spike at 0 
  FI FR IT NL 
2003-2004 18.0 -0.5 2.2 5.3 5.8 3.5 0.0 0.0 
2004-2005 16.3 0.9 27.9 4.4 -14.6 0.6 -7.1 1.9 
2005-2006 26.7 0.3 8.5 2.9 24.9 2.4 6.7 1.4 
2006-2007 19.5 1.1 11.0 0.6 7.2 1.2 28.0 0.5 
2007-2008 20.3 1.3 17.6 0.9 12.0 2.7 18.7 1.7 
2008-2009 8.5 1.1 3.4 1.6 -4.7 0.8 8.2 0.1 
2009-2010 9.7 0.4 14.8 2.3 6.7 1.5 14.2 1.9 
2010-2011 24.8 0.1 17.9 2.4 8.9 2.7 25.8 2.8 
  B. Countries using survey data 
  AT BE ES PT 
2003-2004 0.8 0.5 5.7 2.7 9.0 6.2 58.1 1.9 
2004-2005 1.1 1.4 6.2 1.7 2.7 1.7 46.3 3.3 
2005-2006 17.7 6.3 12.0 0.4 9.4 3.8 13.6 0.3 
2006-2007 12.7 2.5 2.1 1.3 17.7 3.0 6.8 4.7 
2007-2008 8.0 2.2 0.2 -0.5 5.5 3.1 -9.1 -0.1 
2008-2009 6.1 3.2 5.5 1.7 -0.2 3.7  na*  na* 
2009-2010 12.8 4.3 3.6 2.5 -8.5 0.0 -17.3 -1.5 
2010-2011 19.7 1.6 11.3 1.6 4.0 -0.1 -6.0 -0.7 
 
Notes: For each country and year, the table presents two statistics designed to capture changes in 
distributional asymmetries of annual wage change for full time workers. See text for details on the 
statistics. The sample only includes job stayers working full-time full-year. *due to a change in the 
wage collection procedure, 2008-2009 wage changes in Portugal are not comparable with other years. 
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Table 13: Distributional asymmetries of the distribution of annual wage changes  
over the Cycle, 2003-2010 
  Dependent variable 
  A. Skewness 
Unemployment -2.056** -4.687 -1.885 
 rate ktU  (0.674) (2.144) (0.808) 
  B. Spike at zero 
Unemployment -0.226** 0.269 -0.259* 
 rate ktU  (0.083) (0.257) (0.100) 
Sample 
All 
countries 
Countries 
using 
administrative 
data 
Countries 
using survey 
data 
Country Fixed 
Effect 
Yes Yes Yes 
N 63 31 31 
 
Notes: The table presents results from a regression of the indicated distributional statistics on the 
unemployment rate. Each model includes country fixed effects. Robust standard errors clustered by 
country are in parenthesis. 
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Figure 1: Real GDP, Unemployment Rate and HICP over our sample period 
(Source: OECD National Accounts Statistics database) 
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Figure 2: Real Labour Compensation per Unit Labour Input 
 
 
Source: OECD National Accounts Statistics database. 
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Figure 3: Partial Regressions 
 
Notes: The vertical axis represents the residuals of the regression of change in adjusted real wage on 
year fixed effects. The horizontal axis represents the residuals of a regression of changes in 
unemployment rate on year fixed effects. 
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Figure 4: Unemployment Change and Composition Effects in 2008-2011 
 
 
Notes: The figure shows the relationship between the decomposition of changes in average real wages 
using the DFL reweighting technique and changes in unemployment rates across countries. See text 
for details. 
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Figure 5: Annual change in log nominal wages: 2007-08 versus 2008-2009 
 
 
Notes: The figure presents the distribution of annual changes in log wage in 2006-07 and in 2008-09. 
The continuous and dotted line represents respectively the inflation level in 2007 and 2009. Bin width 
is 1.5 log points. The sample only includes job stayers working full-time full-year.   
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Data Appendix 
 
ECHP: We use information on gross current monthly wage and salary earnings from main job 
including over time (pi211mg). The number of hours worked is obtained using the number of hours 
per week worked at main job including overtime (pe005a). No specific information is provided on 
overtime hours and premia. We define full time workers as those that declare having a full time job 
(pe005c), working full time, and are not self-employed (pe001) and are working in the private sector 
(pe009). We identify job changer by using information on the date of start of current job (pe011).  
 
SILC: We measure income using “gross employee cash or near cash income” in the year previous the 
survey (py010g). We measure working time using retrospective information for each month on 
whether an individual was working full or part time (pl210a-pl210f). Job shifters are identified using 
information on change of job since last year (pl160). Hourly wages are calculated using information 
on the number of hours worked in main job (pl060). 
 
Sample Coverage: The coverage of the sample is 1994-2001 for ECHP and 2003-2011 for SILC, but 
they are exceptions. For ECHP, observations are missing for Austria in 1994, Finland in 1994 and 
1995, France in 1994. For SILC, observations are missing for the Netherlands in 2003 and Portugal in 
2011. As there is a break in the collection method of the data in in France in 1996-1997, and in 
Portugal in 2008-2009, we exclude wage changes from these two periods from the sample.  
 
Cells of education and potential experience: We use three levels of education: recognised third level 
education, second stage of secondary level education, less than second stage of secondary education. 
Potential experience is defined using the difference between age and the declared age of entry in the 
labour force. When age of entry is missing, we impute 21, 19 and 16 for those with respectively third, 
second and less than second level of education. 
 
Aggregate data: Wages are deflated using the HICP index obtained from the OECD website.  
 
Regional and cell specific unemployment: The definition of regions differs in the ECHP and the SILC. 
As we are unaware of a published regional unemployment rates corresponding to these regions, we use 
microdata from the LFS obtained from Eurostat to construct regional unemployment rates that 
correspond to the geographical definitions used in the ECHP and the SILC. We limit our analysis to 
countries and periods for which information on regions is available. In the SILC, these countries and 
their respective number of regions are: AT (3 regions), BE (3), ES (19), FI (4), FR (22), IT (5). In the 
ECHP, these countries and their respective number of regions are: AT(3 regions), BE (3), ES(7), FI(5), 
FR(8), IT(11), PT(7). 
 
Release version of SILC and ECHP data used in the paper: The paper uses the most recent available 
version as of March 2015 of the SILC longitudinal user database: 2005 version 4, 2006 version 2, 
2007 version 5, 2008 version 4, 2009 version 3, 2010 version 5, 2011 version 3, 2012 version 1. The 
version of ECHP is the May 2003 release. 
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Theoretical Appendix 
Following Kim and Solon (2005), we consider the following errors-in-variables model: 
* * * *ln ln (ln ln )it it s it it s it it sw w w w v v          
where ln itw  is the unobserved ‘true’ value of worker i
th
 log hourly real wage rate in year t, 
*ln itw is 
the observed error-ridden measure of hourly wage, itv  is a measurement error which has zero mean, is 
orthogonal to the true wage growth, and is not serially correlated. When 0   and 1  , the model 
is the standard textbook errors-in-variable model. When 1  , the measurement error  is called mean-
reverting (Bound and Krueger, 1991). It is straightforward to derive that the covariance of the first 
differences of 
*ln itw and its lagged value is such that: 
   * * 21 1cov ln , ln cov ln , ln var( )it it it it itw w w w v       . 
The previous expression shows the autocorrelation decreases with var( )itv . Under the assumption that 
  is positive and the ‘true’ covariance does not vary too much across countries, differences in 
covariance across countries are informative about the variance of the measurement error.  
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Appendix Tables and Figures 
Table A1: Sensitivity of the results to the exclusion of a particular country 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Notes: Each column of the table shows regression results of the baseline model reported in column 6 
table 1 but in which the indicated country has been excluded from the sample. Robust standard errors 
are in parenthesis. 
 
Figure A1: Unemployment Change and Composition Effects in 2008-2011,  
(Figure excluding Spain from Sample) 
 
 Country excluded from the sample : 
  AT BE ES FI FR IT NL PT 
 A.  Period 1994-2001 // 2003-2011 
 
-0.482** -0.599** -0.857** -0.644** -0.642** -0.712*** -0.652** -0.736*** 
  (0.131) (0.199) (0.327) (0.178) (0.185) (0.163) (0.197) (0.142) 
N 98 97 97 99 99 97 98 99 
 B. Only SILC data: 2003-2011 
 
-0.401** -0.500** -1.030** -0.494** -0.525** -0.637*** -0.557** -0.586*** 
  (0.145) (0.195) (0.408) (0.169) (0.178) (0.138) (0.212) (0.155) 
N 53 53 53 53 53 53 54 55 
Wage 
measure 
Hourly wages 
Time FE Yes Yes Yes Yes Yes Yes Yes Yes 
Individual 
FE (First 
stage) Yes Yes Yes Yes Yes Yes Yes Yes 
tU
tU
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Table A2: Percentage of workers with negative real or nominal annual log wage change,  
ECHP data 
  FI FR IT NL UK* 
Years 
Nominal 
Wage Cut 
Real Wage 
Cut 
Nominal Real Nominal Real Nominal Real Nominal Real 
1994-1995 
  
  0.28 0.57 0.23 0.39 0.21 0.40 
1995-1996 
  
0.35 0.51 0.26 0.48 0.26 0.45 0.20 0.36 
1996-1997 0.24 0.43 0.16 0.20 0.26 0.44 0.24 0.41 0.23 0.33 
1997-1998 0.20 0.37 0.26 0.34 0.26 0.46 0.20 0.35 0.20 0.36 
1998-1999 0.23 0.45 0.31 0.41 0.27 0.50 0.30 0.51 0.18 0.28 
1999-2000 0.21 0.43 0.30 0.46 0.25 0.52 0.23 0.39 0.19 0.27 
2000-2001 0.22 0.47 0.29 0.43 0.24 0.51 0.15 0.45 0.15 0.25 
  AT BE ES PT   
  Nominal Real Nominal Nom. Nom. Real Nom. Real.     
1994-1995 
  
0.23 0.45 0.26 0.36 0.20 0.43 
  
1995-1996 0.50 0.66 0.27 0.52 0.37 0.47 0.18 0.37 
  
1996-1997 0.31 0.55 0.25 0.46 0.40 0.45 0.17 0.35 
  
1997-1998 0.21 0.42 0.30 0.52 0.32 0.38 0.17 0.35 
  
1998-1999 0.20 0.47 0.22 0.43 0.34 0.41 0.09 0.34 
  
1999-2000 0.16 0.47 0.25 0.53 0.36 0.44 0.13 0.41 
  
2000-2001 0.17 0.50 0.21 0.44 0.38 0.44 0.10 0.46 
  
 
Notes: For each country, the table shows the share of full time workers with a negative real or nominal 
log wage change. The sample only includes job stayers working full-time full-year. * Data from the 
UK reproduced from Elsby et al. (2013). 
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Table A3: Distributional asymmetries of the distribution of annual wage changes,  
ECHP data 
  Skewness 
Spike at 
0 
Skewness 
Spike at 
0 
Skewness 
Spike at 
0 
Skewness 
Spike at 
0 
  FI FR IT NL 
1994-1995       11.5 17.4 6.6 10.9 
1995-1996     5.5 8.6 7.6 14.0 12.7 12.6 
1996-1997 17.7 14.0 1.3 2.5 13.4 15.6 13.1 11.3 
1997-1998 10.6 11.5 3.3 6.5 2.6 17.6 17.3 9.8 
1998-1999 12.6 17.3 15.2 7.4 18.6 0.1 9.4 11.2 
1999-2000 8.1 13.6 10.1 7.8 20.1 0.1 4.4 9.4 
2000-2001 18.1 17.1 15.3 8.5 21.2 -0.1   
  AT BE ES PT 
1994-1995     39.6 17.6 5.9 3.2 11.1 13.1 
1995-1996 -18.0 -0.2 12.0 0.0 5.4 2.8 25.0 10.5 
1996-1997 15.3 0.0 13.2 14.5 1.5 1.7 20.3 11.9 
1997-1998 33.0 19.3 1.4 19.5 7.0 2.8 18.5 10.9 
1998-1999 28.4 20.9 11.1 15.0 4.5 2.7 57.0 12.4 
1999-2000 16.2 24.4 8.3 13.2 4.8 1.4 40.7 13.6 
2000-2001 18.8 24.3 18.2 13.4 5.2 1.4 53.6 12.1 
 
Notes: For each country and year, the table presents two statistics designed to capture changes in 
distributional asymmetries of annual wage change for full time workers. See text for details on the 
computation of the statistics. The sample only includes job stayers working full-time full-year. 
 
Table A4: Autocovariance of wage changes for job stayers in SILC data 
Country AT BE ES PT FR IT NL FI 
Period Countries using survey data Countries using register data 
2004-2005 -0.045 -0.013 -0.021 -0.004 -0.018 -0.043   -0.006 
2005-2006 -0.069 -0.008 -0.024 0.000 -0.012 -0.015 -0.004 -0.013 
2006-2007 -0.031 -0.012 -0.048 -0.007 -0.003 -0.014 -0.015 -0.008 
2007-2008 -0.029 -0.031 -0.042 -0.009 -0.020 -0.010 -0.001 -0.019 
2008-2009 -0.014 -0.015 -0.063 na  -0.019 -0.008 -0.003 -0.005 
2009-2010 -0.048 -0.019 -0.052 -0.003 -0.015 -0.022 -0.002 -0.005 
2010-2011 -0.021 -0.013 -0.051 -0.006 -0.015 -0.014 0.000 -0.002 
 
Note: The table displays the autocovariance of wage changes for full time full year workers who did 
not change employer. 
 
